A number of masses and pseudomasses may be encountered during echocardiographic examination of the transverse sinus (TS) and oblique sinus (OS) of the pericardium with important clinical implications. This review discusses the clinically relevant anatomy of the pericardial sinuses emphasizing diagnostic pitfalls that may be encountered during their echocardiographic examination.
| INTRODUC TI ON
A number of masses and pseudomasses may be encountered during echocardiographic examination of the transverse sinus (TS) and oblique sinus (OS) of the pericardium with important clinical implications. This review discusses the clinically relevant anatomy of the pericardial sinuses emphasizing diagnostic pitfalls that may be encountered during their echocardiographic examination.
| ANATOMIC CONS IDER ATIONS
The pericardial layers which cover the heart's surface are depicted in Figure 1 . The outermost layer, the fibrosa, is composed of collagen fibers which resist cardiac distension. The inner surface of the fibrosa is lined by a layer of mesothelial cells, the serosa. The fibrosa together with its serosal lining is referred to as the parietal pericardium. The innermost layer of the pericardium consists of a second serosal layer, the visceral pericardium or epicardium, which rests on the surface of the myocardium. The serosa produces pericardial fluid, a plasma ultrafiltrate, which fills the pericardial space that lies between them. The pericardial space normally contains approximately 25 mL of fluid. 1, 2 In contrast to the uninterrupted pericardium which surrounds the rest of the heart that surrounding the left atrium (LA) is discontinuous. This discontinuity occurs in regions where the inner and outer serosal layers fuse with one another creating a cul-de-sac, or reflection ( Figure 1 ). Two such reflections can be found on the surface of the LA extending between the left and right pulmonary veins. Last, the serosal layers of the transverse and oblique sinuses also extend onto the bases of the great vessels and pulmonary veins where they again reflect on themselves ( Figures 1C and 2) ; the overlying fibrosa blends with these vessels' adventitia.
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| ECHOC ARDIOG R APHIC APPE AR AN CE
| General features of pericardial effusions
Before addressing the echocardiographic features unique to effusions involving the TS and OS, those related to pericardial effusions, more generally, will be discussed. Small pericardial effusions typically collect posteriorly along the diaphragmatic surface of the heart, however, as they increase in size they tend to become circumferential. 4 Hence, an anterior clear space, in the absence of a posterior clear space, is unlikely to represent a pericardial effusion and more likely indicates the presence of echolucent epicardial fat attached to the surface of the right ventricle. Large anterior fat collections (>1.5 cm) are, however, often echodense. 5 Chronic effusions, including those resulting from tuberculosis, are characterized by fine strands which span the pericardial space as is seen in Figure 4 . 6 Last, pericardial effusions which develop following cardiac surgery are frequently confined to the diaphragmatic surface of the heart. The pericardium surrounding the remainder of the heart seldom fills with fluid due to the formation of adhesions with the chest wall. 7 Importantly, these fluid collections may cause diastolic compression of the posterior wall of the ventricle, as is shown in Figure 5 . 
| Transverse sinus
With transthoracic imaging in the parasternal long-axis view, the TS appears as an echo-free space between the ascending aorta and the LA ( Figure 6 ). It is seldom appreciated in the parasternal short-axis view. With transesophageal imaging, however, the TS F I G U R E 1 A, Layers of the pericardium. B, Reflections of the serosal layers of the pericardium on the surface of the left atrium. C, Pericardial reflection on the base of a blood vessel. See text F I G U R E 2 Drawing depicting the parietal pericardium of the posterior surface of the heart. The heart along with its epicardial covering has been removed. Note that the region in between the reflections of the transverse sinus (TS) and oblique sinus (OS), which spans between the right and left pulmonary veins, is not covered by pericardium (bare area). Reproduced with permission from Drake RL, Vogl AW, Mitchell AWM. Gray's Anatomy for Students, 2nd ed. Philadelphia: Churchill Livingstone Elsevier; 2010 is readily appreciated in both long and short-axis views ( Figure 6 ).
In the mid-esophageal long-axis view, it can be readily identified between the LA and the ascending aorta. In the mid-esophageal short-axis view through the base of the heart, the TS appears as a triangular echo-free-space although perivascular extensions of the TS sometimes girdle the aorta along its posterior surface ( Figure 6 ). Last, it is important to note that the TS is visible echocardiographically even when physiologic amounts of pericardial fluid are present.
| Oblique sinus
The OS is usually not visible unless there is an abnormal fluid col- 
| MA SS E S AND PS EUDOMA SS E S OF THE TR AN S VER S E AND OB LIQUE S IN US E S
| Transverse sinus
Occasionally, mobile echodense masses are seen within the fluid of the TS, especially with transesophageal imaging (Figure 8 ; Movie S1).
The histology of these masses has not been well defined, and they have been variably described as fat 8 and fibrin. F I G U R E 1 2 A, Transthoracic image reveals a mass which appears to be a thrombus in the left atrial (LA) appendage. B, Injection of contrast, however, demonstrates that the mass, likely fat, is located within the transverse sinus (TS). Note the presence of an echo-free space (pericardial fluid within the TS) surrounding the mass (Figure 9 ). [10] [11] [12] In such instances, it may be mistaken for a mass within the pericardial space of the TS. The appendage can, however, be identified by the crenellated appearance of its pectinate musculature. Altering imaging planes may also prove helpful in its identification, as is shown in Figure 10 . 12 Extension of the LA appendage to the floor of the TS may also be appreciated with transthoracic imaging (Figure 11 ). Figure 12 and Movie S2 show transthoracic images from a patient with atrial fibrillation which appears to demonstrate a thrombotic mass in the LA appendage. Injection of contrast, however, confirmed that the mass was, in fact, extracardiac, that is, fat within the pericardial space of the TS (Figure 12 and Movie S3).
An echolucent space contiguous with that of TS may normally be seen surrounding the posterior aspect of the ascending aorta ( Figure 6D ). Such perivascular extensions of the TS resemble pseudoaneuryms of the mitral-aortic intervalvular fibrosa from which they must be distinguished ( Figure 13 ). In contrast to the extravascular TS, pseudoaneurysms fill with color as the left ventricle decompresses into them. 
| Oblique sinus
In the parasternal long-axis view, pericardial fluid collections within the OS permit the otherwise "compressed" fat within the posterior atrioventricular groove, to "pop out" (Figure 14 ). 14 This fat should not be confused with abnormal masses sometimes found in this location, for example, mitral annular calcification, tumors, and lymph nodes. 15 As mentioned, pericardial effusions within the OS can be differentiated from left pleural effusions because they course anterior to the descending thoracic aorta. 16 However, when the aorta is not visualized or displaced due to tortuosity, the presence of a pericardial effusion may be confirmed by demonstrating fat protruding from the posterior atrioventricular groove. 14 Of note, such fat frequently demonstrates a shimmering or stippled appearance. 14 
| CON CLUS IONS
The anatomic complexity of the pericardial coverings of the LA can create diagnostic confusion when imaged echocardiographically.
Identification of anatomic landmarks previously described and the judicious use of image enhancing agents and transesophageal imaging may prove helpful in this respect.
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